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Sleep apnea is a common disorder that affects more than 20 mil-
lion adult Americans.1 It is associated with poor sleep quality, 

excessive daytime sleepiness,2 and decreased quality of life.3 Sleep 
apnea has been shown to have an increased prevalence in, or as-
sociation with, morbid conditions such as heart failure,4,5 hyperten-
sion,6,7 cardiovascular disease,8,9 cerebrovascular disease,10 and in-
sulin resistance.11,12 Studies have also demonstrated that sleep apnea 
is associated with increased rates of traffic accidents13 and has been 
identified as a major public health concern.14 Although effective 

treatment for sleep apnea is available, referral for diagnosis and 
treatment of sleep apnea may be difficult in some settings due to 
limited access to or availability of sleep specialists and sleep labo-
ratories for diagnostic evaluation.15 In areas in which access is not 
an issue, some patients may be unwilling to undergo a sleep-labo-
ratory study, even when recommended by their physician. Current 
estimates reveal that 93% of women and 82% of men with moder-
ate to severe sleep apnea remain undiagnosed.16

Given the prevalence of the disorder in the general population, 
and the increased prevalence in populations with certain comorbid 
conditions, screening studies for sleep apnea may play an impor-
tant role. Although full polysomnography (PSG) is the standard 
diagnostic test for sleep apnea,17 the use of a screening device may 
allow physicians to screen for sleep apnea in a variety of settings, 
such as patients’ homes, hospitals, or extended-care facilities, al-
lowing more effective triaging for sleep center diagnostic testing.

A number of devices are now commercially available to screen 
patients for sleep apnea outside the traditional sleep-laboratory 
setting. These devices include single-channel and multi-chan-
nel recorders; however, there are limited data available regard-
ing their efficacy as screening or diagnostic tools for sleep apnea, 
compared with PSG.18, 19 The aim of this study was to examine the 
accuracy of the apnea-hypopnea index (AHI) provided by the Ap-
neaLink™ (ResMed Corporation, Poway, Calif), a single-channel 
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SCIENTIFIC INVESTIGATIONS

Study Objectives: Screening for sleep apnea may be useful in a num-
ber of settings, such as preoperative testing, clinical research, and eval-
uation for referral to a sleep center. The purpose of the study was to 
validate the ApneaLink™ device (ResMed Corporation, Poway, Calif) for 
use as a screening tool for sleep apnea in clinical practice.
Methods: The ApneaLink device is a single-channel screening tool for 
sleep apnea that measures airflow through a nasal cannula connected to 
a pressure transducer, providing an apnea-hypopnea index (AHI) based 
on recording time. We compared the AHI from the ApneaLink device to 
that obtained during simultaneously conducted attended sleep-labora-
tory polysomnography to assess the sensitivity and specificity of the de-
vice in consecutive subjects with type 2 diabetes mellitus referred from a 
diabetes clinic. We also compared the AHI obtained from the ApneaLink 
device during a study in the subjects’ homes to that obtained during the 
in-laboratory study. The laboratory study was performed within 2 weeks 
of the home study. 
Results: Fifty-nine subjects completed the study. Mean age of subjects 
was 57 years; mean body mass index was 33 kg/m2.  The results dem-

onstrate a high sensitivity and specificity of the at-home ApneaLink AHI 
compared with the AHI from the simultaneous polysomnographic study 
at all AHI levels, with the best results at an AHI of ≥ 15 events per hour 
(sensitivity 91%, specificity 95%). The AHI comparison from the home 
and laboratory studies also demonstrates good sensitivity and specificity 
at AHI levels of ≥ 15 and ≥ 20 events per hour (sensitivity 76%, specific-
ity 94%, for both). 
Conclusions: Given the prevalence of sleep apnea in the adult popula-
tion and in specific comorbid conditions, a screening tool may be useful 
in many diagnostic settings. This study demonstrates that the ApneaLink 
device provides reliable information, is a simple, easy-to-use device, and 
is highly sensitive and specific in calculating AHI, when compared with 
the AHI obtained from full polysomnography. 
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recording device, against that obtained during simultaneous PSG, 
and to validate the ApneaLink device as a screening tool for sleep 
apnea in clinical practice.

METHODS

Subjects

Sixty-eight consecutive adults with a diagnosis of type 2 dia-
betes mellitus were approached from a diabetes-clinic population, 
having volunteered to participate in a companion study examining 
the prevalence of sleep apnea among adults with type 2 diabetes 
mellitus. Five withdrew consent prior to undergoing PSG (reasons 
not provided). Four subjects were withdrawn due to an ApneaLink 
test of less than 2 hours. Fifty-nine subjects completed the PSG 
and ApneaLink test. Exclusion criteria for participation in the study 
included a history of sleep apnea, use of positive pressure therapy, 
use of oxygen therapy, use of medications that could affect sleep, 
or presence of any serious respiratory or cardiac medical condition 
that the investigator determined could affect the subject’s ability 
to participate in the study. An institutional review board approved 
the study protocol, and subjects provided informed consent prior 
to participation in the study. The recruitment center was a general 
diabetes clinic that is part of a diabetes institute in San Diego, and 
staff involved had no formal training in sleep medicine.

Design

Subjects were evaluated for sleep apnea during an overnight 
sleep study in a sleep center, and equipment setup was performed 
by sleep-center staff. Full PSG was performed using the Grass 
Telefactor system (Grass Telefactor, West Warwick, RI). Chan-
nels monitored and recorded with surface electrodes included 
electroencephalogram, electrooculogram, and submental elec-
tromyogram. Arterial oxygen saturation was recorded by digital 
pulse oximetry. Chest and abdominal effort were recorded using 
impedance plethysmography. Nasal airflow was recorded with 
nasal cannula and a pressure transducer. During the night of labo-
ratory evaluation, subjects also wore an ApneaLink device. The 
nasal cannula worn by the patient during the study was attached 
to a “Y” connector leading to a pressure transducer, allowing si-
multaneous recording of the flow signal by the ApneaLink device 
and the PSG system.

The PSG data were manually scored using the Rechtschaffen 
and Kales criteria20 by registered polysomnographic technologists 
who were blind to both ApneaLink results and subject informa-
tion. Apneas and hypopneas were defined using criteria estab-
lished by the American Academy of Sleep Medicine.17 Utilizing 
these definitions, an apnea-hypopnea index (AHI) was calculated 
by dividing the total number of apneas and hypopneas by the total 
hours of sleep time recorded over the night.

Subjects also agreed to use the ApneaLink device at home for 
1 night. Subjects were instructed on the use of the ApneaLink 
device by staff at the Diabetes Center and were provided further 
written instructions to take home. Subjects returned the Apne-
aLink device to the diabetes clinic the following morning, and the 
data were downloaded and saved. The confirmatory sleep-labora-
tory PSG evaluation and simultaneous ApneaLink recording was 
done within 2 weeks after the home ApneaLink study.

Device Description

The ApneaLink device is a single-channel screening tool for 
sleep apnea. The device consists of a nasal cannula attached to a 
small case that houses a pressure transducer. The device is held in 
place by a belt worn around the user’s chest (Figure 1).

The ApneaLink device operates on battery power, has a sam-
pling rate of 100 Hz, and has a 16-bit signal processor. The inter-
nal memory storage is 15 MB, which allows for approximately 10 
hours of data collection.

The ApneaLink software analyzes data generated by the flow 
signal, producing a 1-page report. Full disclosure of data is avail-
able for review and rescoring by the clinician. Although the de-
vice can provide information regarding snoring and inspiratory 
flow limitation, only the AHI information was used for this study. 
The ApneaLink does not discriminate obstructive from central 
events because the signal is based only on airflow, and there is 
no recording of respiratory effort. When utilized, flow limitation 
is analyzed by comparing the flow/time curve with a “library” 
of samples of possible flow-limited breaths, but this information 
was not assessed as part of the current protocol. The ApneaLink 
default settings for apneas and hypopneas were used in this study. 
An apnea was defined as a decrease in airflow by 80% of base-
line for at least 10 seconds. The ApneaLink default maximum 
apnea duration was set at 80 seconds. An hypopnea was defined 
as a decrease in airflow by 50% to 80% of baseline for at least 
10 seconds. The ApneaLink default maximum hypopnea duration 
was set at 100 seconds. The ApneaLink AHI used for analysis 
was automatically analyzed by the ApneaLink software. The Ap-
neaLink firmware version 2.97 and the scoring software version 
5.13 were used. The AHI derived from PSG was based on sleep 
time, whereas the AHI from the ApneaLink device was based on 
total study time.

Analysis

SLEEP-LABORATORY STUDY

Data were included in the analysis if an ApneaLink total re-
corded evaluation time of 2 hours or longer was obtained during 
the study.

Figure 1—Illustration of the ApneaLink Device
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HOME STUDY

The AHI provided by the ApneaLink home study was com-
pared with the AHI obtained from the ApneaLink device during 
the in-laboratory study. We compared the AHI values from the 
home study for both 2- and 4-hour recording times.

Statistical Analysis

The ApneaLink was validated against PSG, the standard clini-
cal and research technique used to diagnose sleep apnea. This val-
idation included measurements of sensitivity and specificity and 
correlation analysis. The statistical analysis plan defined a priori 
the endpoint criteria level required to demonstrate validity of the 
ApneaLink device. Determination of device validity was based on 
achieving a sensitivity result of at least 80% for AHI values of 5 
or more events per hour and a correlation coefficient of r = 0.75, 
indicating a strong correlation between the AHI of PSG and that 
of the ApneaLink device.

Sensitivity and specificity comparisons were plotted graphical-
ly using receiver operating characteristic (ROC) curve analysis. 
The ROC curve plots sensitivity against 1 – specificity for various 
AHI values, yielding a graphic representation of the trade-off be-
tween false-negative and false-positive rates; the greater the area 
under the curve, the better the instrument. To quantify how quickly 
the ROC curve rises to the upper left hand corner, the area under 
the curve (AUC) is measured. The more steeply the curve moves 
up and then (only later) across, the better the test. An area of 1 
represents a perfect instrument, and an area of 0.5 represents an 
instrument of no value. Bland-Altman analysis was another statis-
tical method used to validate the results. The Bland-Altman plot 
is a graphic representation of the observed differences between 
paired measurements. The differences between the 2 techniques 
(PSG and ApneaLink) are plotted against the averages of the 2 
techniques. The mean difference provides an estimate of whether 
the 2 techniques, on average, return similar results. Results show-
ing a mean difference close to 0 indicate little systematic bias.

Correlation analysis was performed using Pearson correlation 
coefficients. A result of greater than r = 0.75 is considered to be 
indicative of good correlation between 2 techniques.

RESULTS

Sixty-three subjects completed the PSG study; 59 (29 men) had 
evaluable data suitable for analysis. Due to technical problems, 
4 of the initial 63 subjects generated ApneaLink recording times 
of less than 2 hours; these data are excluded from analyses. The 
mean age of the 59 subjects included for analysis was 57 years 
(range 36-79), and their body mass index was 32.6 kg/m2 (range 
20-53). Of the 59 subjects who completed the study, 69% had an 
AHI of 5 or more, 47% had an AHI of 10 or more, 37% had an 
AHI of 15 or more, and 31% had an AHI of 20 or more, based 
on the AHI obtained from the PSG study. Information on demo-
graphic characteristics and comorbidities of subjects is presented 
in Table 1, as are prevalence rates at all AHI levels.

ApneaLink(Lab) vs PSG

The mean overall total sleep time for PSG studies was 326 
minutes, and the mean total recording time for the ApneaLink 

studies was 365 minutes. The sensitivity and specificity values 
of the ApneaLink device compared with PSG are shown in Table 
2. The table shows the sensitivity, specificity, positive predictive 
value, negative predictive value, and AUC of the ApneaLink de-
vice, when compared with simultaneous PSG at the same cut-off 
for both devices (e.g., if sleep apnea is diagnosed on the basis of 
an AHI ≥ 5 events/hour when measured by PSG, this is compared 
to a cut-off of an AHI ≥ 5 events/hour for sleep apnea when mea-
sured by the ApneaLink device). The sensitivity for the Apne-
aLink was greater than 80% at all AHI values, achieving our pre-
defined endpoint criterion. The ApneaLink device had the highest 
sensitivity and specificity at an AHI value of 15 or more events 
per hour (91% and 95%, respectively). It also showed high sensi-
tivity and specificity (> 80%) at AHI values of 10 or more events 
per hour and 20 or more events per hour. At lower AHI levels, the 
device had good sensitivity but a lower specificity, leading to a 
greater number of false-positive results.

Given the results showing that the sensitivity was slightly 
higher at an AHI of 15 than 20 events per hour, ROC curves were 
constructed. Although the ROC-curve comparison confirmed an 
AHI cut-off value of 15 or more events per hour provided the best 
results (Figure 2), AUC analysis demonstrated that the results for 
15 or more and 20 or more events per hour were almost identical, 

Table 1—Demographic Characteristics, Prevalence, and 
Comorbidities of 59 Participants in the Study

Demographic Characteristic Results
Age, y 57.3 ± 12.0 (36 - 79)
BMI, kg/m2 32.6 ± 6.8 (19.8 - 52.9)
Sex
 Men 29 (49)
 Women 30 (51)
Prevalence of AHI at various levels
 ≥ 5 41 (69)
 ≥ 10 28 (47)
 ≥ 15 22 (37)
 ≥ 20 18 (31)
Comorbidities
 History of Angina 10 (17)
 Heart failure 2 (3)
 Valvular Disease 2 (3)
 Hypertension 32 (54)
 Asthma 7 (12)
 Bronchitis 7 (12)
 Allergies 22 (37)

Data are presented as number (%) except age and BMI, which are mean 
± SD (range). Apnea-hypopnea index (AHI) values are based on poly-
somnography data.

Table 2—Sensitivity and Specificity of the ApneaLink AHI Against 
Polysomnography AHI During Simultaneous Testing (In-Laboratory) in 
Subjects With 2 Hours or More of ApneaLink Data Recording

AHI Sensitivity Specificity PPV NPV AUC
≥ 5 85.4 50.0 79.6 60.0 0.863
≥ 10 82.1 83.9 82.1 83.9 0.862
≥ 15 90.9 94.6 90.9 94.6 0.977
≥ 20 83.3 92.7 83.3 92.7 0.967

AHI refers to AHI; PPV, positive predictive value; NPV, negative pre-
dictive value;  AUC, area under the curve.

Validation of the ApneaLink™
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with AUC values of 0.977 and 0.967, respectively. The AUC re-
sults for all AHI values are shown in Table 2 and demonstrate very 
good to excellent agreement between ApneaLink and PSG.

A Bland-Altman plot of the data shows a reasonably tight dis-
tribution of the differences between the AHI from PSG and Apne-
aLink (Figure 3). For AHI values of 30 or less per hour, the Apne-
aLink does not demonstrate any systematic bias. For AHI values 
more than 30, the absolute discrepancy between ApneaLink and 
PSG widens, and there is a tendency for the ApneaLink to under-
state the AHI score. When used as a screening tool in this high-
AHI range, the systematic bias is not problematic because sub-
jects rated in this category are highly likely to have sleep apnea. 
The downward bias of the ApneaLink at higher values does not 
appear so large that a practitioner would make the wrong decision 
and fail to refer a patient for more-extensive testing.

The ApneaLink AHI results showed a strong correlation (Pear-
son correlation coefficients) to AHI results from PSG; the correla-
tion coefficient was r = 0.89.

ApneaLink(home) vs ApneaLink(lab)

The results comparing the AHI gained from the ApneaLink 
device in the home against the AHI from the attended laboratory-
based ApneaLink study are shown in Table 3 for both 2- and 4-
hour recording times. The table shows the sensitivity, specificity, 
positive predictive value, negative predictive value, and AUC of 
the ApneaLink device at home when compared with the Apne-
aLink device in the laboratory at the same cut-off for both de-

vices (e.g., if sleep apnea is diagnosed on the basis of an AHI ≥ 5 
events/hour when measured by ALlab, this is compared to a cut-off 
of an AHI ≥ 5 events/hour for sleep apnea when measured by AL-
home). These results demonstrate good sensitivity and specificity 
using an AHI of 15 or more and 20 or more with recording times 
of at least 4 hours. There were 52 subjects in the 2-hour group and 
39 subjects in the 4-hour group.

ROC analysis showed that AHI cut-off values of 15 or more 
and 20 or more events per hour provided the same results for 
the at least 2 hours group (Figure 4), whereas the 20 or more 
events per hour provided the best results for the longer than 4 
hours group (Figure 5). The AUC data for these results are shown 
in Table 3 and demonstrate values of 0.84 or above for all AHI 
values, showing high agreement.

DISCUSSION

These results show that the ApneaLink device demonstrated 
clinical utility as a screening device for sleep apnea in a group of 
adults with type 2 diabetes mellitus. In comparison with PSG data 
obtained in the sleep laboratory, the ApneaLink device demonstrat-
ed a high level of sensitivity (>80%) at all AHI levels, confirming 
the capacity of the device to recognize significant levels of sleep 
apnea, when present. From the perspective of specificity, which re-
flects the capacity to avoid excessive false-negative findings, the 
device provided best agreement with laboratory-based PSG data 
at levels of AHI of 15 or more. This result is consistent with the 
results of a previous validation study that demonstrated good sen-

Table 3—Sensitivity and Specificity Analysis: ApneaLink(home) vs ApneaLink(lab)

AHI Sensitivity Specificity PPV NPV AUC
 2 h 4 h 2 h 4 h 2 h 4 h 2 h 4 h 2 h 4 h
≥ 5 90.0 90.0 75.0 66.7 92.3 90.0 69.2 66.7 0.881 0.878
≥ 10 83.3 81.3 78.6 73.9 76.9 68.4 84.6 85.0 0.874 0.842
≥ 15 76.2 84.6 93.6 92.3 88.9 84.6 85.3 92.3 0.922 0.923
≥ 20 76.5 81.8 94.3 96.4 86.7 90.0 89.2 93.1 0.931 0.971

The apnea-hypopnea index (AHI) obtained from ApneaLink study in the home versus the ApneaLink AHI obtained during the sleep laboratory study. 
2 hours (at-home and in-lab) = 52 subjects. 4 hours (at-home and in-lab) = 39 subjects. PPV refers to positive predictive value; NPV, negative predic-
tive value; AUC, area under the curve.

Figure 2—Receiver-operator characteristic curves ApneaLink(lab) 
apnea-hypopnea index (AHI) and polysomnography (PSG) AHI. 
PSG 5: area under the curve (AUC) = 0.863; PSG 10: AUC = 0.862; 
PSG 15: AUC = 0.977; PSG 20: AUC = 0.967.
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sitivity and specificity for the ApneaLink device at an AHI of 10 
or more, when compared with an AHI from PSG in a population 
referred to a sleep center for the assessment of sleep apnea.21

These data support the use of the ApneaLink for screening 
studies for sleep apnea in subjects with a high probability of hav-
ing or in populations with a high prevalence of sleep-disordered 
breathing. Although laboratory-based PSG is the standard diag-
nostic test for sleep apnea, various populations of patients sus-
pected of having sleep apnea may not be willing or able to obtain 
a PSG study in a sleep center; laboratory facilities may be distant 
from the patient, the referring physician may not be certain that 
enough clinical evidence is present to support a sleep-laboratory 
referral, or the patient may be unwilling to proceed with an over-
night laboratory-based PSG without data confirming the presence 
of sleep apnea. These results would suggest the ApneaLink is a 
useful adjunctive technology for clarification of the presence or 
absence of sleep apnea in these types of settings.

As a screening device, it is preferable to have technology that 
“screens in” (ie, provides a high level of sensitivity with accept-
able specificity) rather than one that “screens out” (ie, provides a 
high number of false negatives). From a “case finding” and pub-
lic health perspective, it is acceptable for patients to be identified 
with possible sleep apnea based on a screening test that is not con-
firmed by PSG; however, it is not acceptable to have patients with 
sleep apnea to be misidentified as “normal,” thus never receiving 
PSG evaluation that would have confirmed the presence of sleep 
apnea and increased the probability that appropriate therapy for 
sleep apnea would be initiated. The data from this study demon-
strate that the ApneaLink device provides both a high sensitivity 
and specificity at AHI levels of 10 or more.

The accuracy of the ApneaLink device depends on how well it 
can identify those with and without sleep apnea. ROC curves were 
constructed, and the AUC measured. In general, AUC values for 
a particular screening instrument such as ApneaLink can be inter-
preted as follows: 0.9 to 1 is Excellent, 0.8 to 0.9 is Very Good, and 
0.7 to 0.8 is Good. At all AHI cut-off levels, the high AUC values 
indicate very good agreement between methodologies.

Comparison of AHI from home- and sleep laboratory-based 
nights demonstrated that 4 or more hours of recording time is op-

timal, providing the greatest accuracy. The data suggest that a 
recording time of less than 4 hours leads to more-frequent false-
negative results at AHI levels of 15 or more. A longer recording 
period minimized this trend and is presumably related to a longer 
and more representative sleep duration. Given that the costs for 
recordings are minimal (batteries and cannula), it can be recom-
mended that a second night of recording should be obtained when 
the initial study time is found to have been less than 4 hours.

It would be useful to validate further this type of device in a 
general population. Given that the prevalence of sleep apnea is 
high in adults with type 2 diabetes mellitus,22-24 these results may 
not apply to other populations in which the prevalence of sleep 
apnea is low or unknown. The only other published validation 
study of this device was performed in a population that was re-
ferred to a sleep center for investigation of possible sleep-related 
breathing disorders.21

Given the sensitivity and specificity of the device, as well as 
the ease of use and low study cost, the ApneaLink device may 
be useful in situations in which PSG is initially impractical or in 
populations with comorbidities that suggest a high prevalence of 
sleep apnea to help define further diagnostic and treatment op-
tions. The positive predictive value of greater than 80% at AHI 
levels of 10 or more supports the utility of the device. Further 
experience with the ApneaLink device in 207 subjects suggests 
that the device may be readily used in unattended settings.25

Due to the prevalence of sleep apnea in the general population 
and the increased prevalence in certain disease states, screening 
devices may aid in identifying and triaging patients with the dis-
order. This may lead to more-timely evaluation of sleep apnea 
in those with moderate to severe disease, ultimately providing 
improved access, better patient care, and improved health and 
lifestyle outcomes.
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Figure 4—Receiver-operator characteristic curves from the Apne-
aLink apnea-hypopnea index (AHI) at home versus the ApneaLink 
AHI from the in-laboratory study (2-hour data). PSG 5: area under 
the curve (AUC) = 0.881, PSG 10: AUC = 0.874, PSG 15: AUC = 
0.922, PSG 20: AUC = 0.931
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Figure 5—Receiver-operator characteristic curves from the Apne-
aLink apnea-hypopnea index (AHI) at home versus the ApneaLink 
AHI from the in-laboratory study (4-hour data). PSG 5: area under 
the curve (AUC) = 0.878, PSG 10: AUC = 0.842, PSG 15: AUC = 
0.923, PSG 20: AUC = 0.971.
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